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A device for the removal of a bloclcage 
in a passageway such as a dialysis giaft.(lO) or 
in a body passageway includes a catheter for 
reception, aspiration of the Uockage, and an 
occlusion engaging element (24) distal of the 
distal end of die catheter (16) which occlusion 
engaging element is 8iq>poited on a wire (22) 
that extends tfirough the catheter (16). At die 
distal end of die cadieter (16), there is a device 
such as a multi-wing malecot expansion device 
(18) that is expanded after the catheter (16) is 
placed in position so as to block die occlusion 
from passing around the outside of die cadieter 
(16). The support wire (22) can be a movable 
core guide wire (22) which has braided device 
(24) on its distal end. 
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BIOLOGICAL PASSAGEWAY OCCLUSION REMOVAL 

Reference To Related Application 
lliis application claims the priority of U.S. Provisional Application, Serial No. 
60/065 1 1 8, ffled on NovenAer 12, 1997. 
5 Background Of The Invention 

In general, this invention relates to a removal device for a biological occlusion 
and more particularly to a catheter and occlusion engaging element which is adapted to the 
removal of blockages m hemodialysis grafts. 

There are many techniques and devices known in the art for removmg 
10 blockages in the vascular system and other passageways of the human body. 

There is a continuing need for improved devices to meet at least the following 

objectives. 

Hie first objective is to reduce cost. Hiis is particularly inq>ortant in recent 
years vdiere it is clear for safety and sanitary reasons that these will be single use devices. A 
15 device, even though it performs a fimction m some improved manner, will not be widely used 
if it is considerably more costly than the alternatives available. 

A second objective is to provide a device that is sunple to use and m a very 
real sense sux^le to understand. This will encourage its adoption and use by medical 
personnel It vASi also tend to keq) cost low. 
20 The third objective is to provide a device that entails a procedure with which 

the medical profession is familiar so that the skills that have been leamed from previous 
experience will continue to have applicability. 

A fourth objective relates to the eflfectiveness and thoroughness with which 
the blockage is removed. It is important that a maximum amount of the blockage be 
25 removed; recognizing that no device is hkely to provide one-hundred percent removal 
A fifth objective concerns safety; a matter ^^di is o&ea so critical as to 
trump the other considerations. It is important to avoid tissue trauma. In many 
circumstances, it is critically important to avoid breaking up a blockage in a fashion that leads 
to flushmg elements of the blockage throughout the body involved. 
30 There are trade-ofl& in design considerations to achieve the above five 

interrelated objectives. Extreme socpHcity and a very smqile procedure might over 
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compromise safety. Addressing aO of these considerations calls for some trade-ofif between 
the objectives. 

According^, a major object of this invention is to provide an koproved 
removal device for a body passageway blockage vAddk adiieves the objectives of reduced 
5 cost, enhanced sinplicity, a standard procedure, high effectiveness and a high degree of 
safety. Most paiticularly, it is an objea of this mvoition to adiieve these objectives with an 
oihanced trade-off vahie for the confined objectives. 

Brief Description 

In brief! one embodimoit of this invention is particularly adapted to the 

10 removal ofblockages in hemodialysis grafts. That embodiment combines a cadieter having a 
blocking feature that blocks the annulus between the catheter and the graft and a support 
wire having an occlusion oigagmg element. 

The support wire extends through the catheter, through or around the 
occhiaon and at its distol end has an annular braided elemoit attached thereto. The support 

15 wire is a dual dement support wire having a core and an annular shell that sUdes on the core. 
Hie distal end of the core is atuched to the distal end of the annular braided element and the 
distal Old of the diell is attadied to the proximal end of the annular braided element. Thus 
movement of 4e core and shdl rdative to one another moves the braided element from a 
radially retracted position which is useful for msertion dirougji the catheter to a radially 

20 expanded position which expands it to the sidewaB of the graft. When the annuhr braided 
element is in its radially compressed state, it can be passed through the occhision together 
with the rest of die wire to reside on the distal end of the occhision. When die braided 
element is expanded and moved proximaDy (that is, in a retrograde fiishion), it wiU engage 
the occlusion and force the occhision into the catheter. Akematively, no morion of the 

25 engagmg dement may be required if aspiration is appUed. In this case, the engaging element 
acts as a sed to prevent the suction from aspiration to remove much materid beyond its 
point of dq>loyment in the dianneL 

The distd end of the catheter is proximal of the occhision and contains a 
blocking medianism that extends radidly from the distd end of the caAeter to the wdl of the 

30 graft or body passageway. This catheter bloddng element also has a radidly retracted 
msertion state and a radially expanded Mockmg stote. The blockmg element is a muW-wing 
malecot type device which is covered by a thin ehistomeric fihn or membrane. 
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This maiecot type of device is bonded to the distal end of the catheter or an 
integral part of the catheter. The distal tip of the dilator, over ^ch the catheter is mserted, 
has a subtly increased diameter. Hiis tq) is in the nature of a ferrule. When the dilator is 
removed, the ferrule abuts against the distal end of the multi-wing maiecot pushing this 
5 blocking element from its radially conq)ressed state mto its radially expanded state. 

Alternatively, the tip of the dilator can be bonded to the catheter with a break-away bond so 
that when the dilator is removed, the blocking element is expanded in a sunilar feshion. In 
this radially expanded state, the maiecot and its film cover blocks the annulus around the 
catheter so that the occluded blood or other obstruction vMdi is being removed is forced 
10 into the catheter where it is aspirated or otherwise removed. 

Conversely, it is understood that the blocking element could be fabricated 
from tubular braid and the engaging element could be formed from the maiecot style 
configuration. 

Brief Description Of The Figures 

15 FIG. 1 is a medumical sdiematic showing the device of this invention fiilly 

dq)loyed in a plastic graft used in hemodials^sis. The FIG. 1 drawing shows the blocking 
element at the distal end of the catheter in its radially expanded state and the occlusion 
engagmg element at the distal md of the support wke in its radiaOy expanded state. It is 
important to note that the blocking element may take a variety of shapes as would be 

20 required for ike particular application. The preferred shape is likely to be a fiinnel shape 
where the larger diameter is di^al to the lesser diameter that is proximal on the elemmt. 
This fimnel shape allows the obstruction to be more easily accq)ted into the cathieter due to 
the puU/push of the engaging element, a^iration or both. 

FIG. 2 is a longitudinal view of the distal portion of the support wire with a 

25 braided occlusion engaging element in its radially compressed state. This is the state wiiere 
the support wire and engagmg element can be inserted through the occlusion that is to be 
removed. 

FIG. 3 shov^ the FIG. 2 braided occlu^on engagmg element m its radially 
e>q)anded state, vMch is the state diown in FIG. 1. 
30 FIG. 4 shows the multi-wing maiecot type blocking element at the distal end 

of the catheter m its radially expanded state, wfaidi is the state shown m FIG. 1. 
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It should be noted that the scale of the FIG. 4 catheter is much reduced 
cnmparftd to the scale of the occlusion removal wire and braided element shown in FIGs. 2 
and 3. 

FIG. S is a longitudinal view, in partial cross-section, showing the catheter 
5 and dilator Mth a ferrule at the distal tip of the guide wire in a passageway having an 
occlusion that is to be r^oved. 

FIG. 6 shows the next step in wfaidi the dilator is bemg removed thereby 
causing the malecot type blocking mechanism to become e?q)anded by viitue of pressure 
against the distal end of the catheter tip of the dilator. 
10 FIG. 7 shows the next step in vMch the support wire together with the 

braided occlusion removal element in its radially compressed state (the state shown in FIG. 
2) is inserted through the catheter and through the occlusion to be removed. 

FIG. 8 diows the next step m which the braided occlusion removal element 
has been expanded and is bemg pulled m a proxnnal du-ection thereby forcmg the occlusion 
1 5 mto the catheter for removal with or without a^iration. 

FIG. 9 diows the multi->Mng malecot type blockmg element at the distal end 
of the catheter m its radially expanded state m accordance with another embodiment of the 
present invention. 

FIG 10 shows the shape of the e^qiansion resuhmg from the malecot type 

20 blocking elemmt ^own in Hg. 9. 

De5scri ption Of The Preferred Embodiments 
FIG. 1 shows a typical synthetic graft 10 used in hemodialysis. The graft 
extends between a vein 12 and an artery 14. The graft 10 may be about thirty centimeters 
long with an inner diameter (LD.) of 6 or 7 miUimeters. A catheter 16 is inserted through the 

25 wall of the graft or vessel Typically the catheter might have an outside diameter (0,D.) of 
2.7 mm and an mner diameter (LD.) of 2.3 nun. A malecot type expansion device 18 is 
covered with a membrane 20 (see HG 4). When expanded, it serves to block the annular 
space between the outside waU of the catheter 16 and the graft 10. A support wire 22 for a 
braided removal mechanism 24 wffl typicaUy have an outside diameter of about one mm and 

30 hasanintemalactuatorrod26(seenG2)ofapproximately0.5mm. Because of the 
snnplicity of the design, this outside diameter could be smaUer than 0.5 mm. In HG 1, the 
malecot type blocking device 18 and the braided removal device 24 are both shown m their 
expanded state and are positictfied so that retrograde or proximal movement of the support 
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wire 22 will puU the braided element in a proximal direction to push out whatever coagulated 
blood is betweoi the braided device 18 and the distal end of the catheter into the catheter 
op^iing vAere it can be aspirated; thereby clearing the blockage in the graft or other vessel. 

More particularly, one embodin^t of this invention vAndk has been paitly 
5 tested, was deagned for use m a hemodialysis graft 10 having an I.D. of approximately six to 
seven nm In that case, the catheter 16 has a 8 French O.D. (2.7 mm) and a 7 French I. D. 
(2.3 mm). Hie suppoit wire 22 is a &irly standard movable core guide wire of 35 mils (that 
is, 0.35 inches, vMdi is sUghtly under 1 nun). The actuator rod 26 in the suppoit wire is 
approximately 1 5 mils and thus slightly under 0.5 mm. The braided element 24 has an 

10 insertion diameter that is approximately one mm and expands to cover the seven mm 
diameter of the graft. -^In order to achieve this seven fold increase in diameter, the braided 
element has a length of 1 1 to 13 mm. Thus the catheter has an annulus of about 2.3 mm 
around the suppoit wire, through which annulus the blood occlusion is aspirated. 

FIGs. 2 and 3 iOustrate the support wire 22 and braided element 24 which 

15 constitute the occiuaon engag^ig element that is moved proxinudly to push the occlusion 
into the catheter for removal A preferred occlusion engaging element 24 is a braided 
element. Hie braided material has to have a stifibess sadi that it will not collapse or fold 
under the pressure of the occluaon when this engaging element is being moved proximaDy. 
Yet the filaments that form the braid must be flexible enough to be moved between the two 

20 states as shown in FIGs. 2 and 3. Materials fi'om polyester to stainless steel can be 

successfiiUy used. A more detailed teaching of the considerations that go into the selection 
of the braided oigaging element is set forth fiuther on. 

The distal tip of the braided eliement 24 is connected to the distal tip of the 
actuator rod 26. The proxunal edge of the braided element 24 is bonded to the distal end of 

25 the support wire 22. Thus when the actuator rod 26 is pushed m a distal direction relative to 
the wire 22, the braided device is forced into its collapsed state diown in FIG. 2 and is 
avaibble to be pushed through the catheter and throu^ or around the occlusion which is to 
be removed. AVhen this »gagmg element 24 has be^ fiilly mserted, the actuator rod 26 is 
moved m a proximal dnrection causmg the braided elCTsent 24 to take the e>q)anded position 

30 such as that shown in FIG. 3 so that subsequmt movement of the entire support wire 22 will 
cause the braided element to move against the occlusion and pud the occhision into the 
disul Old of die catheter. In some circumstances, the braided element 24 migjit be left as a 
braid with opoungs because the portions of tlie occlusion v^ch may pass through the 
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openings will be suflSciently smaller liquids so tliat they do not have to be removed. In other 
dicmnstances, it mi^t be dearable to cover the braided element 24 with a membrane or fihn 
so that it becomes substantially hnpomeable. Further the membrane or fihn covering the 
mgagmg demoit will be he^fiil in preventing traimia to the innw walls of native tissue. 
5 Ev«i fiuther, this membrane may be hdpfiil in optimizing the physical diaracterisrics of the 
engapig elemmt. 

Wih reference to FIG. 1, it might be noted that vMea the braided elemmt is 
pushed all the way down to one end of the graft 10, as shown in FIG. 1, and then expanded it 
will be expanding against a portion of the wall of the graft that is smaller than the bulk of the 
10 graft. However, as the support wire 22 is pulled to move the braided occhiaon removal 
element proximally, the braided occlusion element rides on the wall of the graft and will 
e:q>and as the wall of the graft «q)ands as long as tension is maintained on the actuator rod 
26. 

there nnght be applications of the invention w*ere the passageway involved 

15 is a tissue passageway sudi as a blood vessel or other channel within the body, vy*ere this 
braided element 24 is expanded to neatly the diameter of the vessel so that when it is moved 
to push out an occhison, it will avoid trauma to the waU of the vessel Further, the 
membrane on the expanding element wiU aid in decreasing the trauma to native vessels as 
described above. In such a case, the engagmg element (and Ae blocking element) may be 

20 used only as a 'seal' so that the obstruction may be removed or othervwse obliterated. This 
seal allows the rest of the vessel to be uncontaminated and provides for a 'dosed system' for 
irr^ation and/or aspiration and subsequent obliteration or removal of the obstruction. 

FIG. 4 iUustrates the catiieter 16 with die malecot 18 in an expanded state on 
the distal end of the catheter. A membrane 20 is normally used in order to provide a 

25 complete blocking or seaHng fimction. Further, die membrane 20 may aid in locking the 
blockmg dement in a particular shape. This malecot type dement is created by making 
longitudmal slits in the sidewaU of the catheter (or an attachment bonded thereto) thereby 
creating links or wings that wffl expand when tiie distal end of the catiieter is pushed b a 
proxfanal direction. The appropriate pushing of the proxfanal end of tiie catiieter is achieved, 

30 as diown m ¥IG. 5, by a ferrule 30 whidi is a standard tq) on a standard dilator 28. 

AUemativdy, die dilator 28 may be a guide wire (which is usuafly much longer and flexible 
tijan a dflator) for remote obstruction removal In sudi an application of die present 
invention, die guide wire would have a ferrule type mechanism diat would art like die ferrule 
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on the dOatoT. In this instance, the guide wire (with fenule) would be inserted mto the vessel 
to the obstroction. Hie catheter would then be pudied along the guide wire untfl it readied 
the ferule wAich would normally be located near the distal aid of the guide wire. At this 
pomt the wire would be pulled bade, tiie foiule would butt against the catheter and force 

5 outtheblockmg/sealingelemoit. The aigaging element may be used with this blocldng 
element and it could even be the femiled wire as well 

It should be noted that the retention catheter described m United States 
Patent No. 3,799, 172 issued on Mardi 26, 1974 to Roman Szpur iUustrates a stmcture that 
is similar to the malecot type device 18 illustrated m ¥IG. 4; although in that patent it is used 

10 as a r^ention device ^^ereas in this mvention it is used as a blocking elemait. 

This blocking element 18 is oftea called a malecot in the industry. It should 
be understood herem that the term malecot is used to refer in general to this type of 
muhi-wing device. . . 

More specificaify, as shown m FIG. 5, the cadi^n 16 together with a dilator 

15 28 having an expanded tip 30 which is a ferule is inserted into a vessel 32 such as the graft 
shown in HG. 1. The catheter 16 and dilator 28 are inserted dose to the ocdusion 34 and 
then the dibtor 28 is removed. Proximal motion of the dilator 28 icauses the tip 30 to contact 
the distal end of the catheter 16 fordng the distal end of the catheter to put pressure on tie 
malecot wmgs creating the expansion shown in HG. 6 (and also schematicany diown in HG. 

20 1). Once this expansion has occulted, the dilator with its t^ can be removed from the 

catheter (as shown in FIG. 6). 

What then occurs is shown m FIGs. 7 and 8. As shown in FIG. 7, the sappon 
wire 22 with its braided removal element 24 is mserted in the collapsed state so that it passes 
through or around the ocdusion 34. It should be noted that the support wire 24 may be 

25 inserted prior to the blocking catheter bemg mserted or after the catheter is inserted (the 
latter of which is illustrated in the figures). Most of the occhisions to which this invention is 
directed such as congealed blood in a graft wiD permit a support wire 22 to pass through it 
because die conastency is that of viscous material whidi can be readily poietrated. 
Ahematively, if the ocduaon is a non viscous material aich as a stone, plaque, emboli, 

30 foreign body, etc. the support wire 22 is small enough to be passed around the occlusion. 
Once the braided denaent 24 is on the distal side of the ocdusion 34, the actuator rod 26 is 
pulled creating the expanded state for the braided device. Accordmgly, distal movement of 
the entire support wire will cause the expanded braided device to move against the occlusion 
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and force it into the catheter for removal with or without aspiration. When removal of 
obstructions that are located some distance away from the pomt of access into the body such 
as the carotid arteiy via a grom access the wire 22 would likely be inserted first. In this case 
the support wire 22 with its expanding demoit 24 may be used as a guide vwre to guide the 
5 catheter to the preferred location. Of further import is that the blocking element and the 
aigaging element may be used vnthout any relative motion once deployed. Such is the case 
when irrigation and/or aspiration is used for the obstruction removal. In this case the two 
elements can be used as seals against the tubular inner walls on both ades of the obstruction 
vvtereby the obstraction is removed from that "sealed' space with die use of aqiiration, 
10 irrigation, or both. Further other means of obliterating the obstruction within this 'sealed' 
space may be employed. Some of those means are, but are not limited to the addition of 
dissolving agents, delivery of energy such as ultrasound, laser or Ught energy, hydraulic 
energy and the like. 
Thft Tubular Braid Eneadng felemcPt 
15 The engapng apparatus inchides an elongate tube; an elongate mandril inade 

the tube and an expandable tubular braid. The elongate mandril extends from the proximal 
end of the device to the distal end. The elongate tube extends from close to the proximal end 
of the device to close to the distal end. TTie distal end of the tubular braid is bonded to the 
distal end of the inner elongate mandril The mandril may extend beyond the tubular braid. 
20 The proximal end of the tubular braid is bonded to the distal end of the elongate tiibe. 

The braid may be open, but may be laminated or covered with a coating of 
elastic, generally inelastic, plastic or plastically deformable material, such as silicone mbber, 
latex, polyethylene, thermoplastic elastomers (such as C-Flex, commercially avaihble from 
Consolidated Polymer Technology), polyurethane and the like. TTie assembly.of tube, 
25 mandril and braid is introduced percutaneousfy in its radiaUy compressed state. In this state, 
the outside diameter of the braid is close to the outside diameter of the elongate tube. This 
diameter is in the range of 10 to 50 mils, and usuaUy 25 to 40 miU (i.e. thousandth of an 
inch). After insertion, the tubular braid is expanded by moving the mandril proximally with 
respect to the tube. 

30 The tubular braid is preferably formed as a mesh of individual non-dastic 

fibiments (called "yams" m the braidmg industry). But it can have some elastic filaments 
mteiwoven to create certam characteristics. Hie non-ehistic yams can be materials such as 
polyester, PET, polypropylene, polyamide fiber (Kevlar. DuPont), composite fibunent wound 
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polymer, extruded polymer tubing (such as Nylon II or Ultem, commercially available from 
General Electric), stainless steel. Nickel Titanium (Nitinol), or the like so that axial 
shortening causes radial expan^n of the braid. These materials have sufiSdent strength so 
that the engag^g element will retam its expanded condition in the hmien of the body while 

S removing the obstruction therefrom. 

The braid may be of conventional construction, comprising round filaments, 
flat or ribbon filaments, square filaments, or the like. Non-round filaments may be 
advantageous to decrease the axial force required fi)r expansion to create a preferred surface 
area configuration or to decrease the wall thickness of the tubular braid. The filament width 

10 or diameter will typically be from about 0.5 to 25 mils, usually being from about 5 to 10 mils. 
Suitable braids are commercially available from a variety of commercial suppliers. 

The tubular braids arc typically formed by a "Maypole" dance of yam carriers. 
The braid consists of two systems of yams alternately passii^ over and under each other 
causing a zigzag pattern on the sur&ce. One system of yams moves helically ctockwise with 

15 reject to the fiibric ans while the other moves helically counter-clockwise. Hie resulting 
fiibric is a tubular braid. Conunon applications of tubular braids are lacings, electrical cable 
covers (Le. msulation and shieldmg), ''Chmese hand-cufib" and reihfr>rcemats for 
conqiosites. To form a balanced, torque-firee fiibric (tubular braid), the structure must 
contain the same number of yams m eadi helical direction. Tlie tubular braid may also be 

20 pressed flat so as to fi)rm a double thickness febric strip. The braid weave used in the tubular 
braid of the present invention will preferably be of the construction known as "two 
dimensional, tubular, diamond braid" that has a 1/1 mtersection pattern of the yams whidi is 
referred to as the ''intersection repeat". Alternatively, a Regular braid with a 2/2 mtersection 
rq)eat and a Hercules braid with an mtersection repeat of 3/3 may be used. In all instances, 

25 the helix angle (that being the angle between the axis of the tubular braid and the yam) wiD 
mcrease as the braid is expanded. Even fiirther. Longitudinal Lay-Ins can be added within 
the braid yams and parallel to the axis to aid with stability, improve teasile and compressive 
propCTties and modulus of the febric. When these longitudinal "Uy-ln" yams are elastic in 
nature, the tubular braid is known as an elastic braid. When the longitudmal yams are stiff; 

30 the &bric is called a rigid braid. Biaxially braided febrics such as those of the present 

mvenrion arc not dimensionally stable. This is why the braid can be placed mto an expanded 
state from a relaxed state (in the case of putting it mto the compressive mode). Alternatively 
this could be a decreased/reduced (braid diameter decreases) state when put into tension 
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from the relaxed state. Wh«i put into tension (or compression for that matter) the braid 
evatually reaches a sute vvfaerein the diameter will decrease no more. This is called the 
"Jammed State". On a stress strain curve, this corresponds to increase moduhis. Mudi of 
the ei^eeiing analyas conconmg braids are calculated uang the "Jammed state" of the 

5 stnicture/braid. TTiese calculations help one skiUed in the art to design a braid with particular 
desied characteristics. Further, material charaaocistics are tenale strraigth, stiffiiess and 
Young's modulus, to most mstances, varying Ae material characteristics win vary the force 
with vMch the expanded condition of the tubular can exert radially. Even fiuther, the 
fiiction between the individual yams has an effect on the force required to compress and 

10 un-compress the tubular braid. For the present invention, fiiction should be relatively low for 
a chosen yam so that the user wiD have little trouble deploying the engaging element. This is 
particularly important when the engaging element is located a significant distance from the 
user. Such is the case when tie percutaneous entry is the groin (Femoral Artery for vascular 
, inteivenlions) and the point o^engaging the engaging elenient is some distance away (i.e. the 

15 Carotid Arteiy in the neck). Similariy, this is true for long distances that are not vascular or 

pocutaneous applications. 
Other Comments 

An important consideration of the invention described herein is that the 
support wire with its expanding element can be febricated with a veiy small diameter. TTiis is 

20 important because it aflows an optimally large annubr space between the wire and the inside 
of the catheter fi>r maximum obstruction removal Previous engagmg elements have been 
used that use a balloon for the engaging element. TTus balloon design requires a larger shaft 
diameter than that of the present ravention. Hence in these previous devices the annuhr 
space is not maxinnzed as in the present invention. The term wire is used to refer to the 

25 support portion ofthe removal device. The material of the wire need not necessarily be 
metaL Further, it may be desirable to use a 'double' engaging element (i.e. two braided or 
malecot expandmg elements separated a distance appropriate to entrap the occlusion) in the 
case for example where the occhision is desired to be trapped in the vessel The term wire is 
used herein to refer to a dual element device having a sheU component and a core or mandril 

30 component which are longitudmally moveable rehitive to one another so as to be able to 
ptece the braided occhision engagmg element into its smaD diameter msertion state and its 
large diamtter occlusion removal state. 
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AltfaougU the blocking elemeat is described as a muhi-malecot type of device, 
it should be understood that the blocking element may be designed in various fashions which 
are known in the art. See, for example. Figs. 9 and 10. As another example, an 
appropriately designed braid arrangement could be used as the blocking element. In that 

5 case, the catheter may have to be a dual wall catheter in wfaidi the mner and outer annular 
walls are able to move relative to one another in a longitudinal durection so as to place the 
braid used as a blocking element m its small diameter msertion state and its large diameter 
blocking state. Alternatively, it may be a sngle wall dmilar m deagn to the malecot stjde 
blocking elemoit described previously. 

10 The particular embodiment disclosed was designed for an application to 

remove congealed blood m a dialysis graft. For some applications, like removing clots from 
remote vascular areas, the blocking mechanism and engagmg elements may be used only as 
distol and proximal seals axoiind the device to be removed so that t^^ 
ohstmction can be removed with aq)iratipn or can be obliterated with some therapy such as a 

1 5 diemical dissohong agent or acoustical energy or lithotripsy and the like. The residual 
obstruction m that case would be a^irated from the tubular catheter. 

It diould be further understood that there might be a stuation m which the 
blockmg element or even the occhiaon engagmg element would be provided to the physician 
in a normal e?q)anded state so that vAi&i the device is deployed, it would, through plastic 

20 memory or elastic memory, automatically snap mto its ^anded state. 
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What Is Claimed Is : 

1. A removal device for an occlusion, conpri^g: 

a catheter for inseition into a body passageway, said catheter havmg a distal 

end, 

5 a support wire inseitable through said cath^er, said wire having a distal end, 

a blocking medianism on the distal end of said catheter, said blockmg 

mechanism ha\dng a radially compressed state for insertion mto the body passageway and a 

radially expanded state extending near to the wall of said passageway to block passage of 

material around the outside of the distal end of said catheter, 
10 an occlusion engaging element supported on said distal end of said wire, said 

engaging.element having a radially compressed ^s^^^ 

catheter and through or around \vdiatever occhision is to be engaged and a radially expanded 
: state to engage the ocdu^on, 

expansion of siud engaging element vAkesa portioned distally of an occlusion 
15 and subsequent proxnnal movi^ent of said engaging element forcing Ae occhision into said 
catheter. 

2. The removal device of claim 1, ^wherein: 

ssAd blockmg mechanism is a muhi-wmg malecot style mechanism, and 
said engaging element is an annular braided segment. 

20 3. The removal device of claim 1, wherem: 

said blockmg mechanism and said engaging element are both annular braided 

segmwts, and 

said engagbttg elemoit is one of the group of annular braided segment, 
malecot and inflatable annular balloon. 

25 4. The removal device of claim 1, vAerem said engaging element m said 

e?q)anded state contacts the wall of the passageway in \^ch it is inserted. 

5. The removal device of claim 2, wherein said engagmg element in said 
expanded state contacts the wall of the passageway in which it is mserted. 
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6. The removal device of clium 1, vs^erein said occlusion taghpng 
element is a braided element having individual yams sufficiently flexible to be moved between 
said states and suffidently stifif to substantially hold said expanded sute when removing the 
targeted occludon. 

5 7. The removal device of claim 6, wherein said blocking medianism is a 

multi-wing malecot having an annuhr elastomeric fihn around said wings. 

8. The removal device of chum 1, v^ierem said blocking mechanism is a 
multi-wmg malecot having an annular elastomeric fihn around said wings. 



10 



.9. The removal device of claim Ir wherein said blpci^ 
nndti-wmg malecot adapted to have a funnel s^ 



10. A removal device for an occlusion, con^rising 
a support wire havmg a distal end, 

an enga^g element having a retracted insertion state and an e^qpanded 
15 occhision removal state, said support wn-e mchidmg user operable means for movmg said 
removal element from said retracted state to said expanded state, 

expansion ofssdd engagmg elcmoit whoi portioned distally of an occluaon. 

1 1. The removal device of claun 10, wiieiem said aigapng element is a 
braided engagmg element having individual yams sufficiently flexftle to be moved between 

20 said states and sufficiently stiff to substantiaUy hold said expanded state when removing the 
targeted occlusion. 

12. The removal device of claun 10, vsdierein said engaging element is a 
muki-wing malecot stjie ^gaging element. 

13. The removal device of claim 10, v4ierem said oigag^g elwnent, after 
25 expansion, is adapted to force the occlusion to move in a proxhnal direction when said 

engaging element is proxhnally moved. 
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14. A catheter for use in receiving an occlusion from a body passageway 
into ivhidi the cath^er is placed, the improvement comprising: 

a blocking medianism on the distal end of said catheter, 

said blocking mechanism having a radially retraaed insertion state and a 

5 radially e7q)anded blocking state, 

an actuator associated with said cadieter to move said blocking mechanism 
from said retracted state to said expanded blockmg state, 

e?q)anMon of said blocking mechanism vAxea said catheter is inserted mto a 
body passageway assuring that material being removed in a proximal direction from a 
10 position in said passageway that is distal of said catheter will enter the lumen of said catheter 
and will be blocked from the body passageway external of said catheter or to act as a seal for 
\' .:aspiration. . , . . ■ 

- : 15. . ThecaA^ 

multi-wing malecot style blockmg mechanism mcluding an annular etostomeric fihn around 
15 saidwmgs. 

16. Tie catheter of claim 14, wfaerem said blockmg mechanism has a 
braided configuration. 

17 A method of removing an occlusion, conqiriang the steps of: 

inserting a catheter mto a body passageway, 
20 msertmg a support wire through said catheter, said wire having a distal end 

and having an occhision engagmg element supported on said distal end of said wire, said 
engaging element having a radiafly compressed state for insertion of said wire through said 
cath^er, 

insenmg said engagmg element in the radiaUy compressed state through or 
25 around whatever occlu^on is to be engaged, and 

radially expandmg said engaging elements to a radially expanded state when 
said engaging elemmt is po^oned distally of said occlusion. 

18. The method of claim 17, further conq)rising the step of proxnnally 
moving said engaging demmt to force the occhiaon into said catheter. 
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19. The method of claun 1 7, wherein said engaging element is a braided 
demmt havmg individual yams sufi&dently flexible to be moved between said states and 
sufficiently sdff to substantial^ hold said expanded state when removmg the targeted 
ocdusion. 

5 20. The method of claim 17, wherein said engaging element is a 

muki-wing malecot st^e mechanism. 

2 1 . The method of claim 1 7, wiierein a blocking mechanism is coupled to 
a distal end of said catheter, said method further comprising the steps of providing said 
blocking m^yhanigm m a radiaUy conq)ressed state during insertion of said catheter into the 
10 pa^geway, and proving said blocking mechanism in a radially expanded state extrading 
near to tiie waU of said pasisaigevi^y after 

block passage of material arpimd the outside of Ae distal end of said catheter. . 

22 A method of removing an occhision, comprising the steps of: 
msoting a catheter mto a body passageway, said catheter havmg at a distal 
15 »d a blocking mechanism, 

providmg said blockmg mechanic ni a radially conq)ressed sute during 

insertion of said catheter into the passageway, and 

radially e>q)anding said blocking mechanism to a radially expanded state 

extmdmg near to the wall of said passageway after iasertion of said catheter mto the 
20 passageway to block passage of material around the outside of the distal end of said catheter. 

23. TTie method of claim 22, v^erem said blocking mechanism is a 
mi]lti*wing malecot style mechanism 

24. The method of claim 22, wherem the step of radially expanding said 
blockmg mechanism is carried out by expandmg said blockmg mechanism mto a fimnel 

25 shaped mechanism 
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25 A m^od of removing an occlusion, cono^rising the steps of 
inseiting a si^poit wire into a body passageway, said vwre having at a distal 

end a blocking medianism, 

providing said bloddng medianism in a radially compressed state during 

insotion of said wore into the passageway, and 

radially expanding said blocking mechanism to a radially expanded state 
extending near to the wall of said passageway after insertion of said catheter into the 
passageway to block passage of material around the outside of the distal end of said wire. 
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